The United States government is actively working to reduce health care costs through bundled payments, nonreimbursable ''never events,'' and decreasing payment for readmission after joint arthroplasty, 3, 19, 20 and it is likely that private insurers will eventually adopt similar measures. 10 Postoperative complications can significantly increase health care costs, 2, 12 and the Patient Protection and Affordable Care Act (March 2010) contains provisions that reduce payments for hospital costs associated with joint arthroplasty readmissions occurring within 30 days of discharge, and it will likely include shoulder arthroplasty in the future. 20 Thus, quality improvement efforts during the 30-day postoperative period should be a major focus.
Understanding the complication rates for specific procedures will help focus quality improvement efforts. This study sought to stratify the risk for 30-day postoperative morbidity in commonly performed surgical procedures about the shoulder, and also to determine patient factors associated with major complications utilizing the National Surgical Quality Improvement Program (NSQIP) database.
METHODS

Data Source and Analytic Data Set
The study was based on a retrospective analysis of prospectively collected data as a part of the American College of Surgeons NSQIP database. The NSQIP database comprises cases sampled from participating national hospitals. Ambulatory surgery suites and outpatient surgery centers that are attached or within participating hospitals contribute cases, while stand-alone ambulatory surgical centers do not participate. Sampling strategy, data abstraction, and variable definition have been described previously. 17 In brief, dedicated nurse reviewers sample a proportion of cases performed and provide details on preoperative patient characteristics, intraoperative factors, and postoperative occurrences. Postoperative outcomes are recorded for up to 30 days following surgery. 17 The 2005-2011 NSQIP data set was queried for shoulder procedures. Inclusion criteria were based on Current Procedural Terminology (CPT) codes for primary procedures. 
Study End Points
The primary study end point was any major complication, as reported by NSQIP. 13, 15, 25 Major complications were considered life-threatening or debilitating conditions that developed within 30 days of the primary procedure, including organ/space infections not related to initial surgical site, sepsis, postoperative bleed requiring transfusion, dependence on ventilator (reintubation or failure to wean), cardiac event, neurologic event, pneumonia, venous thromboembolic event, return to the operating room (ROR), graft failure, or acute renal failure. ROR was recorded as any unplanned major surgical procedure within the 30-day postoperative period that is a result of an adverse outcome related to the principal procedure. A patient with any of the previous complications was deemed to have a major complication. Further analysis was then carried out to obtain secondary end points in an attempt to determine the risk factors predisposing patients to specific complications, which included ROR, venothromboembolism (VTE), and incisional complications (superficial surgical site or deep surgical site infections).
Patient and Operative Characteristics
Preoperative comorbidities were grouped by organ system, as previously described.
14 Age was evaluated as a categorical variable with the reference group set as age 60 years or younger. American Society of Anesthesiologists (ASA) class was evaluated as a categorical variable, with ASA 1 or 2 set as the reference group compared with ASA class 3 or 4. Wound class was defined in accordance with the Centers for Disease Control and Prevention assessment of the degree of surgical wound contamination at the time of the operation and was defined as a categorical variable with the reference group set as wound class 1 or 2 compared with 3 or 4. Functional status was evaluated as a categorical variable with any functional dependency compared with no functional dependency (obtained by nurse reviewers). Other clinical variables included race (white, black, or other); admission from an outside facility; obesity (defined as body mass index [BMI] 30 kg/m 2 ); smoking within the past year; alcohol use (>2 drinks daily); weight loss >10% in past 6 months; pulmonary hepatic, cardiac, renal, and neurological comorbidities; chemotherapy/radiotherapy/disseminated cancer; chronic steroid use; preoperative transfusion (representing greater than 4 units of blood transfused within 72 hours prior to the index procedure); bleeding disorder (defined as any condition putting the patient at risk for bleeding due to a deficiency of blood clotting elements, ie, vitamin K deficiency, hemophilia, thrombocytopenia, or use of chronic anticoagulants); hypoalbuminemia (<3.5 g/dL); anemia (hematocrit <35%); general anesthesia; and emergent surgery (classified by anesthesiologist and surgeon).
Analytic Plan
Clinical characteristics were assessed for association with the primary and secondary end points. Analysis was performed using independent-sample Student t tests or
Pearson chi-square analysis as appropriate. Because this was an observational study and patients were not randomly assigned to treatment, we further used multivariable logistic regressions for each end point to control for factors other than treatment that could lead to observed differences in the primary and secondary end points. Factors from the bivariate analysis with P < .1 were included in multivariable logistic regressions for each end point. Predictors for each end point in multivariable analysis were considered statistically significant if the 2-tailed P value was less than .05. All analyses were carried out using SPSS Statistics software, version 20 (IBM Corp). This study met institutional review board criteria for an exempt study.
RESULTS
Characteristics of the Study Cohort
Inclusion criteria were met in 11,086 patients. Major complications were experienced in 2.1% (n ¼ 235) of all cases. The mean age was 54.9 ± 16.4 years; 56.8% (n ¼ 6301) were male and 90.1% were white (n ¼ 8691). In univariate analysis, patients more likely to experience a major complication were older (64 ± 16.3 years, P < .001), female (2.5%, P ¼ .008), from another facility (18.4%, P < .001), diabetics (3.4%, P < .001), had dependent functional status (8.7%, P < .001), drank alcohol daily (4.4%, P ¼ .008), had a pulmonary comorbidity (8.0%, P < .001), had a cardiac comorbidity (3.8%, P < .001), had a neurologic comorbidity (10.2%, P < .001), had preoperative sepsis (18.1%, P < .001), were hypoalbuminemic (1.9%, P ¼ .017), and more likely to be operated on under emergent conditions (17.5%, P < .001). Wound class and ASA score also significantly correlated with major complications (Table 1) .
Bivariate Analysis
Major complication rates for the different procedures were as follows: shoulder arthroscopy without repair, 1% (n ¼ 34); arthroplasty, 5.8% (n ¼ 104); open clavicle/acromioclavicular joint repair, 4% (n ¼ 11); ORIF of the proximal humerus, 8.5% (n ¼ 36); arthroscopy with repair, 0.7% (n ¼ 23); open tendon release/repair, 1.4% (n ¼ 21); and shoulder stabilization, 4.3% (n ¼ 5). Shoulder arthroplasty represented the greatest proportion of all complications (44%, 104/235), followed by ORIF of the proximal humerus (15%, 36/235) ( Table 2) .
Risk-Adjusted Analysis
Factors associated with major complications on multivariable analysis included: procedure (P < .001), emergency case (P < .001), pulmonary comorbidity (P < .001), preoperative blood transfusion (P ¼ .033), transfer from an outside institution (P ¼ .03), ASA class (P ¼ .006), wound class (P < .001), dependent functional status (P ¼ .027), and age over 60 years (P ¼ .01). Further analysis of procedure type, referencing arthroscopy without repair (odds ratio [OR], 1), revealed that patients undergoing open clavicle/acromioclavicular joint repair (OR, 3.0; P ¼ .002), arthroplasty (OR, 4.4; P < .001), ORIF of proximal humerus (OR, 4.9; P < .001), and open shoulder stabilization procedures (OR, 5.56; P < .001) carried significantly higher risks of major complications relative to arthroscopy without repair ( Table 3) .
The odds of returning to the operating room, relative to arthroscopy without repair, were significantly higher for shoulder stabilization procedures (OR, 8.34; P < .001), 
DISCUSSION
This is the first study using a large national database to compare complications between a large number of surgical procedures specific for the shoulder, and our results suggest that shoulder surgery in general is associated with low rates of major complication. However, patients undergoing open stabilization procedures, ORIF of proximal humerus fractures, shoulder arthroplasty, and clavicle ORIF/acromioclavicular joint reconstruction have significantly increased risk of major complications compared with arthroscopic procedures after adjusting for confounding variables. Furthermore, these 4 procedures also had There are plans for the Centers for Medicare and Medicaid Services (CMS) to reduce reimbursements to hospitals that demonstrate suboptimal 30-day readmission rates for total joint patients starting in 2015, 6 and additional orthopaedic procedures will likely fall under the same scrutiny. Because patients undergoing ORIF of the proximal humerus and shoulder arthroplasty tend to be elderly, this poses a significant threat for reduced reimbursement for these procedures. 22 Furthermore, our study demonstrates that these patients make up the majority of 30-day perioperative complications for shoulder surgery, and carry high risk for ROR, further increasing readmission rate.
To help control costs, orthopaedic total joint centers are already experimenting with bundled payment systems. 3 Bundled payment refers to a lump sum that is paid to the hospital or facility to cover all costs of care for a patient undergoing a procedure, including costs associated with postoperative rehabilitation and complications. 3 While bundled payment systems largely apply to the Medicare patient population, private insurance reimbursements often mirror CMS changes, especially reductions in payment. 10 These reductions are compounded by the implementation of ''never events,'' such as surgical site infections for shoulder surgery and deep venous thrombosis following total joint arthroplasty, and costs associated with these complications are not reimbursed. 19 Expansion of these measures to more orthopaedic surgical specialties and the participation of private insurance companies should be anticipated.
Preparation for these changes must begin with defining the highest-risk shoulder surgeries and identifying patient variables that increase complication rates. More and more patients remain active and participate in athletic activity as they get older. It is becoming very common for orthopaedic surgeons to take care of shoulder disorders in a ''mature athlete.'' Knowing which procedures carry the highest risks along with the frequency of common complications allows for a more informed discussion with patients. The identification of patient factors increasing risk for major complications allows for modifiable risks to be optimized before undergoing surgery and theoretically lower complication rates. Finally, knowing which patient factors are associated with more complications allows for these factors to be studied more in depth for each individual procedure to better define high-risk patients undergoing each procedure.
Complications following shoulder arthroscopy, total shoulder arthroplasty, reverse total shoulder arthroplasty, open stabilization, and even biceps tenodesis have been described. 5, 11, 21, 23, 24 Attempting to compare complication rates between individual studies is difficult, as different studies focus on different complications and have variable lengths of follow-up. This study compares complication rates between the most common shoulder procedures using a national representative database, utilizing standardized patient comorbidities and defined complications. The NSQIP database is designed to generate a nationally representative case sample, 1,26 making these results more widely applicable for patients undergoing surgery in a hospital setting.
This study utilized multivariable analysis to control for a large number of patient factors when analyzing risks for complications (see Table 1 ). Only 1 other study using data from the NSQIP database 21 analyzed this number of patient factors, and the authors found that smoking, history of chronic obstructive pulmonary disease, longer operative time, and increasing ASA score all increased the risk of complications after shoulder arthroscopy. Our study identified 15 patient variables that increase the risk of complications. Notably, increasing ASA score, increasing wound class, presence of a pulmonary comorbidity, age over 60 years, and requirement for preoperative transfusion all elevated the risk of major complications. Other studies evaluating some of these patient characteristics have found similar results with regard to their association with complications. Increasing ASA and Charlson scores have been linked to higher 90-day mortality and increased surgical complications after shoulder arthroplasty. 5, 16, 27 Similarly, increasing Charlson scores, increasing age, and prior cardiac events have been linked to increased risk of postoperative cardiac events. 28 Risk of VTE was significantly higher in the proximal humerus ORIF group compared with the other groups, with all other procedures having similar rates of VTE. Previous reports have also concluded that risk of VTE after shoulder surgery is greatest with the treatment of proximal humerus fractures. 7 Combined analysis of multiple studies suggests that although most common after fracture care, VTE after shoulder procedures still occurs in less than 1% of patients, regardless of the operation. Diabetes mellitus, rheumatoid arthritis, and ischemic heart disease have been identified as the major risk factors for VTE following shoulder and elbow surgery. 7 The fracture group in our study had a 1.7% rate of VTE, which is higher than previously reported.
Although open shoulder stabilization had a lower overall complication rate compared with proximal humeral ORIF and shoulder arthroplasty, the risk-adjusted odds The Orthopaedic Journal of Sports Medicine Defining High-Risk Shoulder Procedures 5 of experiencing a major complication was the highest of all procedures. The likely explanation is that patients undergoing ORIF and shoulder arthroplasty were older with more comorbidities, and the shoulder stabilization group had a higher number of complications than would be expected based on the population characteristics. Strengths of this study include the use of a nationally validated database and a large sample size with robust clinical characteristics, allowing for risk-adjusted analysis. This type of analysis allows for identification-independent risk factors associated with complications. The limitations of this study are inherent to studies where data are derived from a registry. Specific details about the procedures and reoperations in each group were unavailable. A major weakness of this study is that we did not review patient factors increasing the risk of complications for each individual procedure.
Results from the open shoulder stabilization group should be interpreted with caution, as this group represented a small percentage of all patients and we were unable to determine from the database whether these patients had previous surgery on the same shoulder. We were also unable to perform any radiographic analysis, and all follow-up data were limited to 30 days after surgery. However, 30-day complication rates and readmissions are what the federal government has elected to use as a measure of quality and thus reimbursement.
An additional weakness of this study is that these cases are collected from hospitals or attached outpatient surgical suites, while the majority of the shoulder procedures analyzed in this study are performed at stand-alone ambulatory surgery centers. We did not analyze whether patients were documented as ''inpatient,'' and information on whether ambulatory surgical centers were available to the surgeons is not documented. This does create a potential bias, in that patients with more comorbidities may have their procedures performed in a hospital setting versus an ambulatory surgery center for safety. This would potentially lead to higher complication rates overall than the actual national averages. However, multivariate analysis attempts to control for these factors, and this potential bias should have less of an effect on the odds ratios calculated.
CONCLUSION
Major complication rates following shoulder surgery in a hospital setting are low, averaging 2.1%. Open shoulder stabilization, ORIF for proximal humerus fractures, and shoulder arthroplasty are the procedures associated with the highest risk of major complications, combined representing over 60% of all complications in this study. Increasing ASA score, higher wound class, presence of a pulmonary comorbidity, age over 60 years, designation as an emergency case, transfer from an outside institution, dependent functional status, and preoperative transfusion requirement all increased a patients risk for major complications following shoulder surgery in riskadjusted analysis. Future initiatives for quality improvement in shoulder surgery should focus specifically on these procedures to decrease the overall complication burden.
